We demonstrate an ytterbium laser oscillator mode-locked by means of Nonlinear Polarization Evolution realized in Polarization Maintaining (PM) fibers. The all-PM-fiber laser generates 150 fs pulses at 20.54 MHz repetition rate. (NPE [3]) can be implemented as well. The NPE technique, which is the subject of this paper, is based on a temporal filtration of the pulse polarization state introduced by the Kerr nonlinearity. Traditionally, NPE mode-locking technique in all-fiber cavity is implemented with standard single mode non-PM fibers accompanied by polarization controllers (which prepare elliptical polarization) and a polarizing component. Several configurations with remarkable pulse parametres have been demonstrated using standard NPE [4, 5] . An attempt to realize the NPE with increased environmental stability (with use of PM fibers only) was presented by Nielsen et al [6] . They reported a linear cavity in which the NPE process took place in a very long piece (11m) of PM fiber. The laser produced 5.6 ps pulses with an average power of 8 mW at 5.96 MHz repetition rate. Recently Boivinet et al. presented similar configuration of a long linear cavity (length above 100 m) with 948 kHz repetition rate which generated ~17.8 ps pulses with the energy of 68 pJ [7] . So far, femtosecond pulses from an all-PM-fiber laser mode-locked with NPE in PM fibers (PM NPE) mode-locked cavity have not been reported. Here we demonstrate, generating femtosecond laser pulses in such a system, which is, to the best our knowledge, the first construction of this type.
Reliable, cost-effective and environmentally-stable all-fiber ultrafast laser architectures attract attention of the scientific and industrial community because of their potential field applications. The mode-locking of such ultrafast all-fiber oscillators can be achieved with different types of Saturable Absorbers (SA). Techniques which mimic saturable absorption process using nonlinear optical phenomena such as Nonlinear Optical Loop Mirror (NOLM [1] ), Nonlinear Amplifying Loop Mirror (NALM [2] ) or Nonlinear Polarization Evolution (NPE [3] ) can be implemented as well. The NPE technique, which is the subject of this paper, is based on a temporal filtration of the pulse polarization state introduced by the Kerr nonlinearity. Traditionally, NPE mode-locking technique in all-fiber cavity is implemented with standard single mode non-PM fibers accompanied by polarization controllers (which prepare elliptical polarization) and a polarizing component. Several configurations with remarkable pulse parametres have been demonstrated using standard NPE [4, 5] . An attempt to realize the NPE with increased environmental stability (with use of PM fibers only) was presented by Nielsen et al [6] . They reported a linear cavity in which the NPE process took place in a very long piece (11m) of PM fiber. The laser produced 5.6 ps pulses with an average power of 8 mW at 5.96 MHz repetition rate. Recently Boivinet et al. presented similar configuration of a long linear cavity (length above 100 m) with 948 kHz repetition rate which generated ~17.8 ps pulses with the energy of 68 pJ [7] . So far, femtosecond pulses from an all-PM-fiber laser mode-locked with NPE in PM fibers (PM NPE) mode-locked cavity have not been reported. Here we demonstrate, generating femtosecond laser pulses in such a system, which is, to the best our knowledge, the first construction of this type.
In our approach the NPE process takes place during interaction of two non-equal copies of the pulse produced on an angle splice between two PM fibers. Two pulses are propagating along slow and fast polarization axes of PM PANDA type fiber. The phase shift between copies is induced by self-and cross-phase modulation processes and thus temporal overlap of the pulses is of essence. The Group Velocity Mismatch (GVM) resulting from differences in refractive index has to be compensated. The simplest way to achieve such compensation is to divide the piece of a fiber into two equal parts and splice them rotated by 90° to each other, so the two pulses exchange their role as a fast and slow waves during propagation. The lengths of the pieces spliced with 90° rotation must be equal to within a small fraction of the beat length of the fiber. This ensures proper work of the NPE based SA. The two copies of the pulse interfere at the output and one polarization is filtered out by a polarizer -the device works as an artificial SA [6] . Fig. 1 Two schemes of all-PM fiber NPE realization: a scheme in which GVM acquired in the first fiber segment is compensated for in the second segment (a), and a scheme where three segments are used (b) -in this configuration the leading and lagging pulse exchang roles in the middle of the central fiber piece. (c) red and black curves present results of the simulation of a pulse (190 fs Gaussian pulse stretched to 7 ps with the energy of 7 nJ) propagation in two discussed schemes for orthogonal polarizations respectively; the overall length of all fiber chunks was 3 m.
However, a two fiber section scheme with a single 90° splice (see Fig. 1(a) ) is not an optimal solution: one of the two pulses created at the first angle splice is leading, through all the NPE section. As a consequence the spectrum and the time profile of the output pulse become ragged and in the extreme case multiple pulses are created (see Fig.  1(c) ). To avoid this, one might divide the fiber section into three parts (Fig. 1(b) ). The first and the last section are twice shorter than the central one. This assures that in the center of the middle fiber piece the previously lagging pulse will take the lead. Apparently, implementation of the multi-segment scheme leads to the symmetrization of the spectral and temporal profile of the pulse as well as an overall pulse shape improvement.
The all-normal-dispersion ring shaped cavity consisting of PM fibers and PM components is presented in Fig.  2(a) . An active medium is an Yb-doped active fiber (YDF) pumped via a fiber wavelength-division multiplexer (WDM) by a single mode 976 nm laser diode (LD). A filter (FLT) with 11 nm spectral bandwidth was used to reduce the spectrum of the chirped pulse inside the cavity. The unidirectional propagation of laser pulses was forced by a fiber isolator (ISO). The key part of the novel laser cavity (NPE SA section) is placed after the isolator (ISO). The three pieces of NPE SA assembled according to the scheme presented in Fig. 1(b) were carefully measured (87.5 mm, 175 mm, 87.5 mm) and spliced together. The high accuracy of fiber length selection is critical, because with a short beat length of the fiber even a small inaccuracy results as superfluous wave-plate effect and destabilizes laser mode-locking. The two angle splices were made at ~32° which splits the intensity with 28/72 ratio between the slow axes of the two PM fibers. The NPE SA was concluded with a 10/90 output coupler (OC) which also played the role of a polarization filter as its fast axis was blocked. The amplitude modulation introduced by polarization filtration at the OC enables mode-locking of the laser.
The all-normal-dispersion laser generated positively chirped pulses with the compressed pulse duration of ~150 fs. The pulse temporal intensity envelope was reconstructed by means of Spectral Phase Interferometry for Direct Electric-field Reconstruction (SPIDER) [8] . The spectral phase retrieved by a home-made SPIDER apparatus is presented in Fig. 2(b) together with the laser spectrum recorded by means of an Optical Spectrum Analyzer (OSA: Yokogawa AQ6370D). The pulse temporal intensity calculated from the measurement is presented in Fig 2(c) , red curve. The black curve represents the pulse temporal intensity profile calculated using the OSA measured spectrum and a flat spectral phase -the Fourier Transform Limited (FTL) pulse. The retrieved pulse intensity was normalized with respect to the FTL pulse intensity. The FWHM of the pulse temporal intensity was 149+/-5 fs, which is ~1.5 longer than 96.4+/-0.2 fs FWHM of FTL pulse. Fig. 2 All-PM-fiber oscillator scheme with NPE PM mode-locker (a); measured pulse spectrum (OSA; black) and spectral phase (red, dash) retrieved by SPIDER technique (b), calculated pulse temporal intensity for SPIDER and OSA measurements (c).
To summarize, we have demonstrated, for the first time to the best to our knowledge, a femtosecond all-PM-fiber oscillator mode-locked by the NPE process. The laser operated at 1032 nm and was capable of generating ultrashort pulses with the pulse duration of ~150 fs at 20.54 MHz repetition rate. The maximum achieved average output power of 17.5 mW corresponding to ~0.85 nJ of output pulse energy.
